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ABSTRACT
Hidden from optical view in the starburst region of the dwarf galaxy NGC 5253 lies an intense
radio source with an unusual spectrum which could be interpreted variously as nebular gas ionized
by a young stellar cluster or nonthermal emission from a radio supernova or an AGN. We have
obtained 11.7 and 18.7 µm images of this region at the Keck Telescope and find that it is an
extremely strong mid-infrared emitter. The infrared to radio flux ratio rules out a supernova and
is consistent with an HII region excited by a dense cluster of young stars. This “super nebula”
provides at least 15% of the total bolometric luminosity of the galaxy. Its excitation requires
105−106 stars, giving it the total mass and size (1-2 pc diameter) of a globular cluster. However,
its high obscuration, small size, and high gas density all argue that it is very young, no more
than a few hundred thousand years old. This may be the youngest globular cluster yet observed.
Subject headings: galaxies: individual (NGC 5253)—galaxies: starburst—galaxies: star clusters—
galaxies: dwarf
1. Introduction
The dwarf I0/S0 galaxy NGC 5253 is actively
forming stars, with abundant Hα emission, WR
stars, and many optically visible star clusters
within the central 100 pc (Beck et al. 1996; Gor-
jian 1996; Calzetti et al. 1997). More than half
the radio emission from this galaxy is found to
come from an intense source of diameter 1.3 pc at
2 and 1.3 cm (for a distance of 4 Mpc), in the star
formation region but not identified with any op-
tical counterpart (Turner et al. 1998). Turner et
al. (2000) called this source the radio superneb-
ula; it has a brightness temperature of 104 K at
2 cm and an optically thick spectrum that is ei-
ther flat or slightly rising. Extra-galactic radio
sources of such high Tb and luminosity are usu-
ally non-thermal synchrotron sources with steeply
falling spectra or AGN with flat spectra. Ther-
mal radio sources, generally gaseous nebulae sur-
rounding young stars (HII regions) have almost
flat spectra, but are typically two to three orders
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of magnitude less luminous than this radio source.
If this were an HII region it would require an ex-
traordinarily high number of stars to excite the
gas. If it were a non-thermal source it would also
be extraordinary for its kind. From the radio emis-
sion alone, we cannot tell if this is an HII region, a
supernova remnant (SNR), or an Active Galactic
Nucleus (AGN).
We have therefore obtained high resolution im-
ages of the radio source in the mid-infrared, since
an HII region will be a strong infrared emitter with
a characteristic spectral energy distribution, dif-
ferent from a SNR or AGN. The observations and
results are discussed in the next section, followed
by our deductions as to the nature of the source
and its properties.
2. Observations
The observations were made during the re-
commissioning of the Long Wavelength Spectrom-
eter (LWS) (Jones & Puetter 1993) on the Keck
I Telescope on Mauna Kea in March 1999. Two
images were obtained: one with a 1 µm wide fil-
ter centered at 11.7 µm and one with a 0.5 µm
wide filter centered at 18.7 µm. Fluxes were cali-
brated using the standard stars β Gem and α Boo
and are estimated to have uncertainties of 10%. In
Figure 1 we show the 11.7 µm image in color su-
perimposed on an optical photograph (Calzetti et
al. 1997) from the Hubble Space Telescope (HST),
and in Figure 2 the individual 11.7 and 18.7 µm
images. The registration uncertainty is limited by
the HST image and is estimated to be ∼1′′.
The infrared source is barely resolved at a di-
ameter of 0.58′′ (FWHM) at 11.7 µm which is
about twice the diffraction limit of the Keck. The
source is 0.62′′, only 25% larger than the diffrac-
tion limit, at 18.7µm. These sizes may be upper
limits to the true source size since at the time of
the observations the telescope settle times had not
been accurately determined and inadequate set-
tle times may have broadened the images. There
is no significant difference between the appear-
ances of the source at the two wavelengths, and
allowing for the differences in beam size the ra-
dio and infrared images agree. The source has
2.2 Jy total flux at 11.7µm with S/N of 17 at
the peak pixel and 2.9 Jy at 18.7µm, S/N of
12 at the peak. These agree with ground-based
small-aperture 10.8µm fluxes (∼ 1.4 Jy, Lebof-
sky & Rieke 1979; Telesco, Dressel, & Wolsten-
croft 1993) especially when we take into account
that the source is brighter at longer wavelengths.
While the ISO-SWS spectrum shows emission and
absorption features within the 11.7µm band, our
continuum flux is in agreement with the overall
mid-infrared continuum (Crowther et al. 1999).
IRAS fluxes at 12 and 25 µm are 2.6 and 12 Jy, re-
spectively. The IRAS satellite beam included the
entire galaxy; the fact that the IRAS fluxes are so
close to what we measure indicates that this is a
very bright and a very small infrared source.
3. The Infrared Source
3.1. What is It?
There are, as we stated above, three possible
sources of the rising-spectrum radio emission from
NGC 5253: an HII region, a SNR, or an AGN. The
discovery that the radio source is also a strong
mid-infrared emitter narrows down the possibili-
ties. First, it rules out the presence of a bright ra-
dio supernova; supernovae are not significant mid-
infrared sources. Most Galactic SNR are not de-
tected at all in the IRAS bands (Arendt 1989).
A supernova explosion inside a dense molecular
cloud will be very bright in the infrared (Shull
1980), but that is calculated to be a short-lived
stage, with the emission declining significantly on
a time scale of a few years (Weiler et al. 1986).
The agreement of our measurement with the IRAS
fluxes from 1983 and the ground-based work from
1972 and 1986 (Rieke & Low 1972; Lebofsky
& Rieke 1979; Telesco, Dressel, & Wolstencroft
1993) argues against this model.
The possibility that the source is an AGN can-
not be excluded so decisively. AGN are not them-
selves expected to be strong infrared emitters, al-
though their spectra will depend on the amount
and distribution of the dust nearby. Much of the
observed range in infrared flux is probably due
to the presence of both non-stellar central engines
and starbursts in the same galaxy, and often in the
same nuclear region. NGC 1068 is a nearby exam-
ple of a galaxy with both an AGN and a power-
ful starburst in close quarters; at larger distances,
such sources can be difficult if not impossible to
separate (Heckman et al. 1995). The high spatial
resolution of our observations and the closeness
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of NGC 5253 will however challenge any model
which tries to combine an AGN and a starburst
in the radio-infrared source. The conclusive test
for the presence of an AGN is spectroscopic, not
photometric, and depends on the detection of fast
moving gas near the central engine. That the gas
studied optically in NGC 5253 does not have broad
lines is not relevant to the gas in the radio source,
which must be heavily obscured as it is 70 times
brighter than one would predict based on the Hα
line (Calzetti et al. 1997). The only spectroscopic
information currently available on the gas inside
the radio and infrared source is the 10.5µm [SIV]
line (Beck et al. 1996), which is no more than
60 km s−1 wide. Those observations cannot com-
pletely rule out a very weak plateau, as from a
weak AGN. Another regime in which the influ-
ence of an AGN is usually strong is the X-ray: the
X-ray spectrum and luminosity of NGC 5253 is
perfectly consistent with a starburst in a clumpy
medium (Martin & Kennicutt 1995). In short,
while a small and quite unusual AGN could per-
haps be hidden in NGC 5253, there is nothing in
the data that needs or suggests one.
The final possibility, which the data strongly
favor, is that the source of the infrared and radio
emission is an HII region ionized by thousands of
young stars. We presented this model in Turner
et al. (2000) based on radio data alone. The high
mid-infrared fluxes of the NGC 5253 source, which
exclude SNR and go far to exclude AGN, are per-
fectly consistent with the spectral energy distri-
bution of an optically obscured HII region. The
ratio of 11.7µm flux to the thermal radio flux is
150, a factor of 5 higher than would be expected
from pure Ly α heating (Ho et al. 1990) and in
agreement with results from many other star for-
mation regions, Galactic and extra-Galactic. The
observed ratio in starburst galaxies is usually in
the 120-250 range.
The model that the NGC 5253 source is an opti-
cally obscured HII region fits all the data at hand:
the radio spectrum, which is optically thick at 6
and probably 2 cm (Turner et al. 1998, 2000), as
are dense and compact HII regions, the infrared
flux and its ratio to the radio emission, the in-
frared lines which agree with the radio continuum
(Beck et al. 1996), and the great excess of infrared
and radio strengths over that predicted from the
optical. The NGC 5253 source could be a compact
HII region such as W51 or K3-50 writ large, ex-
cept that Galactic compact HII regions typically
contain 1 bright star in 0.01 pc diameter; the NGC
5253 source must hold not one OB star but a pop-
ulous cluster. The ionization requirements of the
super nebula are immense, 4×1052sec−1. The stel-
lar population and density which are calculated in
Turner et al. (2000) for a range of IMFs are ac-
cordingly high: 2×105 to 2×106 stars and 5×105
to 106 M⊙ within a 1-2 pc region. The source re-
quires not just a cluster of stars, but a large cluster
with the stellar density, the size, and luminosity of
a bright globular cluster.
3.2. On the Spectral Dominance and Spa-
tial Concentration of the Source
The NGC 5253 super nebula is not only remark-
able in itself; it dominates the galaxy’s total spec-
trum to an astonishing degree. 80-90% of the total
galactic flux in the 12 µm bands comes from this 1-
2 pc region. NGC 5253 as a whole is rather blue in
the infrared: it is stronger at 60µm than at 100µm
and its νFν peaks at 25µm; a significant frac-
tion of the flux at 25µm may be due to a silicate
emission feature (Crowther et al. 1999). The su-
pernebula has been imaged in only two bands, but
also appears extremely blue, with a deduced dust
temperature (for β = 1.5) of 180 K, consistent
with the ISO mid-infrared spectrum (Crowther et
al. 1999). We do not know what the superneb-
ula contributes at 60 and 100µm, but even in the
most extreme case that it contributes nothing, it
would still provide ∼20%, or 4 × 108 L⊙, of the
total fluxes at wavelengths below 100µm, which
constitutes at least 75% of the total bolometric
luminosity (2.4 × 109 L⊙), radio to X-ray, of the
galaxy. We note that the population of O stars re-
quired for the radio emission from the supernebula
(Turner et al. 2000) will have a total luminosity of
0.8−1.2×109L⊙, compared to 1.7×10
9L⊙, the to-
tal observed infrared luminosity. This argues that
all the infrared is distributed at the shorter wave-
lengths and that the super nebula gives at least
half of the total IR luminosity, and potentially
as much as two-thirds, in an infrared-dominated
galaxy. So this giant HII region, less than 2 pc
in diameter, may well dominate its host galaxy as
thoroughly as does a bright AGN. NGC 5253 is the
best example so far of the trend (Ho et al. 1990)
that the bulk of the infrared emission in starburst
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galaxies is usually found in a much smaller volume
than the IRAS beams, and implied by the find-
ing (Bryant & Scoville 1999; Downes & Solomon
1998) that the molecular clouds which fuel star for-
mation are concentrated in small active regions.
4. A Very Young Star Cluster and its
Problems
If, as we have argued, the radio-infrared source
is a super nebula or giant HII region ionized by
thousands of young O stars, conditions in the
source must be extreme. If we adopt a total popu-
lation of 106 stars (Turner et al. 1998, 2000) and
a diameter of 1.5 pc, then the stellar separation
is ∼0.02 pc. These cluster conditions, while un-
usual, are actually what would be expected from
a just-formed or still forming super star cluster or
globular cluster. At present the nebular density
is high, 4 × 104 cm−3, as deduced from the high
radio optical depth (Turner et al. 2000) and there
is enough dust in the region to obscure the optical
emission. As the stellar activity continues the gas
and dust may be expected to disperse, weakening
the radio and infrared emission and permitting the
cluster to be seen in the visible, which will then
resemble super star clusters which are commonly
seen in starburst regions.
We argue that the source is excited by a very
young super star cluster, large enough to become
a globular cluster; just how young? Since we do
not see the stars we cannot find their ages directly.
The age of the nebula is limited from its dynami-
cal lifetime, which must be short. The gas in the
nebula, which is at ∼ 104 K, will be overpressured
relative to the cooler, less dense ISM and will ex-
pand at the sound speed, ∼ 10 km s−1, so the ob-
served supernebula should double its size in ∼ 105
years.
The problem of lifetimes, reviewed in Kurtz et
al. (2000), haunts the study of the Galactic ultra-
compact HII regions that these young star clusters
so resemble. Galactic ultra-compact HII regions
are thought to be older than their dynamical ages,
since the dense and clumpy molecular cloud envi-
ronment of these sources slows their expansions
and extends their lifetimes. In NGC 5253 there is
no evidence for confinement by molecular gas: in
fact, no CO is detected within 200 pc of the neb-
ula (Turner, Beck, & Hurt 1997; Meier, Turner,
& Beck 2001). Even at the low metallicity of
NGC 5253, CO should be easily detectable based
on LIR. Another way to confine the nebula is with
the B2/8pi pressure of the magnetic field, which
will become comparable to the thermal pressure
of the NGC 5253 nebulae for B fields of a few µG.
The B field strength in selected locations of NGC
5253 was estimated from minimum-energy argu-
ments to be 50-57 µG (Turner et al. 1998), high
for a galaxy but typical of a dense star-forming
molecular cloud, and large enough that it may be
important in the pressure balance of the nebula.
Finally, the cluster is so massive and compact that
it is not inconceivable that the nebula is actually
gravitationally bound, in spite of the large pres-
sure gradient.
The question of the lifetimes of the earliest and
most obscured stages of star formation will become
increasingly important as more of these very young
sources are observed on scales from the Galactic
Ultra-compact HII regions to the proto-globular
cluster in NGC 5253. Luminous obscured in-
frared bright sources have been seen in the Anten-
nae, although larger (50 pc) than the supernebula
(Mirabel et al. 1998); and compact luminous IR
sources similar to the supernebula have been seen
in NGC 253 (Pina et al. 1992; Keto et al. 1993).
Both of these galaxies also have large numbers of
young super star clusters (Watson et al. 1996;
Whitmore et al. 1999). High resolution radio and
CO images of galaxies (Downes & Solomon 1998;
Kobulnicky & Johnson 1999; Tarchi et al. 2000;
Beck et al. 2000) are revealing other possible can-
didates, in different environments and perhaps at
different stages of evolution. There actually may
be many of these young sources yet to be discov-
ered by high resolution infrared observations.
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Fig. 1.— The infrared color image is obtained
from the 11.7 µm image, superimposed on the op-
tical HST image, which is ∼45′′ in diameter. The
width of the inset is 6.5′′. Orientation of the image
is NUEL. The optical HST image was provided by
D. Calzetti (Calzetti et al. 1997).
Fig. 2.— False color (intensity-coded) images of
11.7 µm (upper) and 18.7 µm (lower) images from
LWS on Keck I. NUEL is indicated on the 11.7µm
image. Images are 10′′ square.
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